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Fracture network complexity of tight sandstone and its influencing factors

Abstract: [Objective] Fracture network analysis plays an important role in oil and gas exploration and development.
However, complexity analysis of tight sandstone fracture networks and their control factors is relatively lagging. Based on
an experimental study of the dynamic evolution of the complex fracture network in tight sandstone, the fractal and
multifractal spectral characteristics of the fracture network were defined, and the complexity and main controlling factors
of the fracture network were analyzed. Fracture network complexity analysis of tight sandstone plays an important role in
hydraulic fracturing optimization, fracture network prediction, and fracture modeling. [Methods] Rock mechanics and X-
ray computed tomography scan experiments determined the characteristics of rock mechanics and fracture networks . The
microstructure and fracture network fractal characteristics of tight sandstone were quantitatively characterized by SEM and
fracture network fractal analysis. [Results] The results showed that the quartz content of tight sandstone ranges from 28.08
to 52.88%, clay content ranges from 11.54 to 25.45%, particle size ranges from 61.18 to 184.55 um, and porosity ranges
from 8.125 to 10.296%. Uniaxial compressive strength ranges from 69.09 to 188.33 MPa, and the elastic modulus ranges
from 31.69 to 92.76 GPa. The fractal dimension (Dj) ranges from 1.28 to 2.35 and average spectral width (Aa) ranges from
1.0851 to 1.3638. [Conclusion] The initiation and propagation of fractures extend through the entire stress—strain process.
The complexity of the fracture network of tight sandstone is mainly controlled by microscopic fabric characteristics, and
has obvious confining pressure as well as scale effects. The Dj of the three-dimensional fracture network and average Aa of
the multifractal spectrum represents the complexity and heterogeneity of the fracture spatial distribution, respectively, and
are relatively independent. As the content of quartz, feldspar, and other brittle minerals in sandstone increases, the porosity
of the reservoir increases, particle size of the sandstone decreases, D; of the fracture network increases, and average Aa
decreases. In the absence of confining pressure, the complexity of the sample fracture network is mainly controlled by the
microscopic fabric characteristics, and the complexity increases with increase of axial pressure. When present confining
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pressure plays a leading role; the higher it is, the lower the Dy value, and the higher the mean Aa value. Clay minerals are
unconducive to complex fractures formation. The mean values of Dy and Aa of small-scale samples are greater than those
of large-scale samples. The elastic modulus and compressive strength of sandstone are positively correlated with D, and
mean Ao.

Keywords: tight sandstone; fracture network; fractal dimension; multifractal spectrum; rock mechanics
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Fig. 1 Micron CT built-in compression device and data processing
process diagram

(a) Experimental equipment; (b) Processing processes
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Fig. 3 Backscattering image and mineral analysis diagram of sandstone sample.
(a) Sample 1-1 backscatter image; (b) Sample 1-2 backscatter images; (c) Sample 1-1AMICS mineral analysis diagram; (d) Sample 1-2AMICS

mineral analysis diagram (there is a significant difference in particle size between the two samples)
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Table 1 Mineral content and particle size characteristics of tight sandstone samples

FESh 4L BES S F19E/% KA/% Fhit/% HoAth/o% R4 {E/um
1-1 52.88 15.19 11.54 20.39 184.55
QXY 1-2 28.08 6.65 2238 32.89 61.18
1-3 45.37 15.05 14.90 20.68 71.42
2-1 39.99 21.09 25.45 13.47 65.12
2-2 36.90 34.93 18.15 10.02 130.59
QDY
2-3 37.77 28.12 14.85 19.26 79.08

2-4 46.18 26.61 24.98 2.23 110.23
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Table2 Volume and porosity of 3D fracture network
GG REEDS FLBREE /% FLERHARY %0
1-1 10.296 3.54E+09
QXY 1-2 8.516 3.26E+09
1-3 8.917 3.43E+09
2-1 8.125 1.96E+12
2-2 8.288 1.84E+12
QDY
2-3 8.654 1.97E+12
2-4 8.123 1.68E+12
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Fig. 4 Uniaxial compression stress and axial displacement curve of

sandstone
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Table 3 Basic physical and mechanical parameters of tight sandstone samples

FebheH RLELE H#2/mm 725 J8/mm [l F/MPa HUIRHEBE/MPa SRR R/ GPa AR

1-1 4.00 8.12 0 69.09 31.69 /

QXY 1-2 4.00 7.92 0 125.79 67.47 /
1-3 4.00 8.06 0 188.33 92.76 /
2-1 25.00 49.97 0 110.77 22.03 0.279
2-2 25.00 50.01 0 80.97 14.29 0.260

QDY
23 25.00 50.11 15 187.95 25.81 0.259
2-4 25.00 50.07 30 234.27 27.98 0.288




55 4 PET NENE T TP Py S P 569

Yoy . BLEE . N R B E % (Renard et al., 2019;
Zhang et al., 2020),

FEGh 12, 1-3; WL , FL A R MU B il 1-
1, 1-3, 1-20 UEHITE AR [R] A9 S0 25 R T, 2R 4% 0 25 14
T AL HL A A A 2 8 0 52 B LA [ 3R A9 R ),

90 -
80 |
70
60

50

¥ J1/MPa

40

30 L

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

I A2 F%/mm
A5 11 FEENEA-EESd M ARET THZERENE (FRBMERKT RS CTHH K )
Fig. 5 Stress-axial displacement curves of 1-1 samples and three-dimensional fracture networks under different loads (colors represent different

CT scans)
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Fig. 6 Three-dimensional crack network of QXY group samples under different loads(3D fracture network is obtained through data processing

after CT scan, and the colors represent different scan times. digits 1-4 were scanned before rupture and digits 5 is scanned after rupture).
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Fig. 7 Two-dimensional CT slices and three-dimensional fracture network of sandstone samples of QDY formation after fracture

(a) xy direction CT section; (b) xz direction CT section; (c) yz direction CT section; (d) 3D crack network (x, y and z are coordinates, and the

numbers represent slice positions)
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Fig. 9 Relationship between the maximum fractal dimension and the spectral width of the multifractal spectrum of a two-dimensional fracture

network (the number in the figure is the sample number)
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